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© Rod and piate-shaped members of sintered silicon carbide are ground on the surface, assembled and 
jointed into a jig. The jig has high dimensional precision and is resistant against failure by thermal stresses and 
shocks. It is a useful jig for use in semiconductor diffusion furnaces. 
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This invention relates to a silicon carbide Jig for use In a diffusion or oxidation furnace for the heat 
treatment of semiconductor wafers. More particularly, it relates to a silicon carbide jig finished to high 
dimensional precision and having enough strength to prevent failure by thermal stresses and shocks. The 
present invention also relates to a method of preparing the same. 

Most conventional jigs for use in semiconductor diffusion furnaces are of quartz because of high purity. 
Quartz jigs, however, suffer from a short lifetime since they can be deformed at high temperatures. The 
recent diffusion furnace tends toward automatic operation including wafer loading, insertion, positioning, and 
withdrawal, which requires jigs of high dimensional precision. Since quartz jigs are prone to deformation 
according to circumstances;' they cannot be used over 3 or 4 batches. This causes to increase the 
manufacturing cost. 

Silicon carbide jigs are sometimes available. In the prior art, silicon carbide jigs are fabricated by 
furnishing pre-sintered members, assembling and jointing the members to form a cage structure, and 
sintering and sand blasting ^the structure. Alternatively, jigs are fabricated by sand blasting sintered 
members on the surface, assembling and jointing the members, and subjecting the assembly to blasting 
again. However, conventional silicon carbide jigs are poorer in thermal impact and stress than the quartz 
jigs and liable to damage during use. Particularly since the recent semiconductor manufacturing technology 
tends toward larger diameter wafers and larger quantity heat treatment, the heat capacity of wafers and 
associated jigs which are inserted from room temperature into furnaces heated at high temperatures is 
increased. Therefore, higher thermal stresses occur in the jigs upon insertion and heating. Another recent 
attempt to reduce the heat treatment time for more efficient manufacture favors more rapid heating and 
cooling steps. This also causes the silicon carbide jigs to experience rigorous thermal shocks. Thus the 
silicon carbide jigs see the higher frequency of failure in the current situation. Semiconductor manufacturers 
expect the development of higher strength silicon carbide jigs. 

One approach is a jig having slit plates as shown in Japanese Patent Application Kokai No. 
217622/1988. This structure is not satisfactory in strength. 

The jigs for use in semiconductor diffusion furnaces are required to have a dimensional precision of 
micron order particularly when they are used in an automatic process as previously mentioned. In 
manufacturing prior art silicon carbide jigs, they are subject to substantial deformation during sintering and 
jointing steps, which deformation causes a loss of productivity. In order that such jigs have high dimensional 
precision, sintered members must be subject to some finishing steps which will substantially increase the 
manufacturing cost. 

Therefore, an object of the present invention is to provide a silicon carbide jig which is finished to high 
dimensional precision and has enough strength to prevent failure by thermal stresses and shocks. Another 
object of the present invention is to provide a method of preparing such a silicon carbide jig. 

The inventors have found that bar or plate-shaped members of sintered silicon carbide are machined or 
ground on the surface and then assembled and joined into a silicon carbide jig which is finished to high 
dimensional precision and has enough strength to prevent failure by thermal stresses and shocks. 

According to the present invention, there is provided a silicon carbide jig comprising a plurality of 
sintered silicon carbide members having a machined or ground surface, the members being assembled and . 
jointed into the jig. 

The present invention also provides a method of preparing a silicon carbide jig comprising 
machining or grinding the surface of a plurality of sintered silicon carbide members, and 
assembling and jointing the members into the jig. 

FIG. 1 is a perspective view of a jig according to one embodiment of the invention. 
FIG. 2 is an enlarged cross sectional view of a section X in FIG. 1. 
FIG. 3 is an enlarged cross sectional view of a section Y in FIG. 1. 
FIG. 4 illustrates how to measure the dimensional precision of members. 

According to the present invention, a silicon carbide jig is constructed by machining shaped members 
of sintered silicon carbide, assembling them into a desired structure, and jointing them at their connections. 

The sintered silicon carbide members may be of bar shape including cylindrical rods and columns or of 
plate shape including flat plates and disks. Often bar and plate shaped members are used in combination to 
construct a structure. The sintered silicon carbide body may be any of reaction sintered silicon carbide, 
recrystallized silicon carbide, and atmospheric pressure sintered silicon carbide and the like although the 
reaction sintered silicon carbide and recrystallized silicon carbide are preferred for semiconductor-related 
members. 

The sintered silicon carbide members may be machined or ground by a conventional grinding machine 
such as a surface grinder and cylindrical grinder, preferably using an abrasive wheel having a grain size of 
#60 or finer, especially #60 to #240, more especially #120 to #240. Abrasive wheels coarser than #60 would 
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detract from the strength of silicon carbide members whereas abrasive wheels finer than #240 provide an 
extremely slow grinding speed which increases the machining cost. The silicon carbide members are 
ground to such a degree that the maximum surface roughness Rmax is up to 15 urn, especially up to 12 
um (Rmax is the maximum height of surface irregularities according to J IS B 0601). The members would 

s lose some strength if Rmax is beyond 15 um. Often diamond wheels are used although other commonly 
used grinding wheels such as borozone and GC wheels are acceptable. 

A binder is used for fixedly joining bar or plate shaped members. Useful binders include silicon carbide 
powder, graphite powder, and silicon powder in admixture with resins such as phenol resins, furan resins, 
silicone resins and the like. Joints can be completed by heating to a temperature of 1,420 to 1,500* C. 

to Referring to FIG. 1, there is illustrated one exemplary silicon carbide jig according to the present 

invention. The jig includes a pair of annular disks 1 and 2 and rods 3 extending between the opposed disks 
1 and 2. All these members have been ground on the surface as described above. It is preferred for 
i.tre<xjtn that tho members are ground over their entire surface. However, silicon carbide is rather difficult to 
r;f*.fvi arvi nus expensive to grind, causing an increase in manufacturing cost. Therefore, it is advantageous 

m. tK ai applications to grind only the major surfaces 1a and 1b of paired disks 1 and 2 and the 

(>■ t jmi,f^t»ji surface of rods 3 where thermal stresses are readily induced to cause failure. 

and plates are fixedly connected, they are preferably finished to an order of microns so that 
tr%~ twjh dimensional precision. A rod is connected to a plate through a tongue and groove fit, 

n vfuwn in FIG. 2, by forming a hole 4 in the plate 1, providing the rod 3 with a reduced 

& ifc*rtjr»vr.f- *• i«**m-*\ 3a having substantially the same diameter as the diameter of the hole 4, and inserting 
rim i* ru coated with the binder into the plate hole 4 to adhere the rod tip portion 3a and the 

4 u »v a*n connected together through an abutment joint, for ex~ampte, as shown in FIG. 3, by 
*•«* ■: : ,n.ng out end portions 3b of rods 3 at 5 and abutting the end portions 3b, 3b coated with 

«v*:n other with an annular connector sleeve 6 fitted thereover to adhere the end portions 

25 lii .v t** ?>-«rvtj 6. The joint between members is not limited to these examples. 

In ■€ = MiWiio jig of the invention generally has a basic structure having rods and plates combined. 
O * .,*«- M*taoie retainers, supports and the like are added to the basic structure, in which case such 
ai>i»:> ^-mtujrs are also ground on the necessary surfaces to reinforce thermal stress occurring areas. 
M.*: * Tiocnanical grinding as contemplated herein is applicable to not only silicon carbide jigs of a 

30 stuv.-kj"* a:, rAwn m FIG. 1, but also to jigs of a cylindrical structure or vertically segmented ones thereof. 

EXAMl'U 

£ umtMji of the present invention are given below by way of illustration and not by way of limitation. 

35 

E>arrp*f 1 

Usirsj a p:ane grinder and a cylindrical grinder, disks 1 and 2, rods 3, and connector sleeves 6 of high 
purity s» icen carbide configured as shown in FIG. 1 were ground on their surface. The grinding wheels used 
40 were *120 diamond wheels. The ground members had a maximum surface roughness Rmax of 12 um. 

A under (phenol resin) was applied to connecting portions of the ground members, which were 
assembkxt as shown in FIGS. 1 to 3. The assembly was placed in an furnace where it was heated to 
1 ,500 ' C to complete joints. 

The thus completed jig was tested for dimensional precision by measuring the parallelism between 
45 planes A and B and the squareness between plane A and axis C as shown in FIG. 4. The results are shown 
in Table \. 

Next, tne jtg was subject to a thermal shock test. The test involved cycles of inserting the jig into a 
furnace, heating the jig to a predetermined temperature in the ambient atmosphere, holding the temperature 
for 15 minutes, and thereafter dipping the jig into water. Heating was started from 100*C. On every heating 
so cycle, the maximum heating temperature was measured by an increment of 10 *C and the jig was 
repeatedly dipped into cool water (23 *C). The heating temperature was increased until the jig failed upon 
water immersion. Failure occurred at a total heating temperature increment AT = 260 # C, that is, when the 
jig was heated to a temperature of 360* C and dipped in water. 

55 Comparative Example 1 

For comparison purposes, a jig was fabricated in accordance with a conventional method. Pre-sintered 
silicon carbide members of general rod and disk shapes were assembled and jointed as shown in FIG. 1. 
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The assembly was placed in a sintering furnace where it was sintered at 1.450* C. The sintered assembly 
was then finished by sand blasting with #60 sand blast abrasives. The surface roughness was measured to 
find Rmax = 20 urn. The thus completed jig was examined for dimensional precision as in Example 1. The 
results are shown in Table 1. The jig was also subject to a thermal shock test as in Example 1. It failed at 
AT = 140° C. 


Table 1 



Planes A-B parallelism 

Squareness between plane A and axis C 

Example 1 

0.07 mm 

0.09 to 0.12 mm 

Comparison 

0.3 mm 

3.37 to 3.71 mm 


There has been described a silicon carbide jig which is finished to high dimensional precision and free 
from failure by thermal stresses and shocks. The jig is a useful' jig for semiconductor diffusion furnaces. 

Although some preferred embodiments have been described, many modifications and variations may 
be made thereto in the light of the above teachings. It is therefore to be understood that within the scope of 
the appended claims, the invention may be practiced otherwise than as specifically described- 
Claims 


1. A silicon carbide jig comprising a plurality of sintered silicon carbide members having a machined 
surface, the members being assembled and jointed into the jig. 

2. The jig of claim 1 wherein said members are of bar and/or plate shape. 

3. The jig of calim 1 wherein said members are machined by a grinding machine using an abrasive wheel 
having a grain size of #60 or finer to such a degree that the maximum surface roughness Rmax is up to 
15 urn. 


4. A method of preparing a silicon carbide jig comprising 

machining the surface of a plurality of sintered siiicon carbide members, and 
assembling and jointing the members into the jig. 

5. The method of claim 1 wherein said members are of bar and/or plate shapes. 

6. The method of claim 1 wherein said members are machined by a grinding machine using an abrasive 
wheel having a grain size of #60 or finer to such a degree that the maximum surface roughness Rmax 
is up to 15 um. 
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FIG.4 
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